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IX. 

Comparison of the Light of the Sun and Moon. 



By GEORGE P. BOND. 



{Communicated September 11, 1860.) 



In the preceding memoir, allusion has been made to the values found by Bouguer 
and WoUaston for the ratio between the light received at the Earth from the Sun and 
the Full Moon. The numbers given by them respectively are : — 

Bouguer,* .S = 300 000, 

Wollaston,t -S = 801 072. 

The discordance is large enough to excite a doubt whether they may not both be 
entirely illusory ; it will not, then, be uninteresting to re-examine the processes which 
these eminent physicists have followed in their investigations, and to add the results of 
new experiments depending on quite different methods. 

The method of Bouguer is thus described by Arago : % — 

" On the day of observation, the Sun being at an altitude of 31°, and his rays enter- 
ing a dark chamber through a hole -^^ of an inch in diameter, he placed a concave 
lens in front of this aperture, which diminished the.intensity of the solar rays by caus- 
ing them to diverge. 

" Then receiving this divergent light on a screen, at a distance where it was weak- 
ened in the proportion of 1 to 11664, he found it equal to that of a candle situated at 
the distance of 17 inches from the screen. 

" Repeating this experiment at night with the moonlight and the same concave lens, 
the Moon being full and also at an altitude of 31°, Bouguer perceived that the light, 
when it had been made to diverge j;'^ of an inch, or when it had been weakened 

* Traite d'Optique, p. 87. t Phil. Trans., 1829, p. 27. 

X Popular Astronomy, English Translation, Vol. II. p. 288. The distances have been reduced by the 
translators approximately to English measures. 
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only by one sixty-fourth, was already so faint that the candle had to be put at a dis- 
tance of 53.2 feet before the two lights could be rendered equal. Hence we find by a 
suitable calculation that the Sun illuminates the Earth's surface 256,289 times more 
than" the Moon does. 

"Three similar experiments, made at various seasons of the year 1725, yielded the 
following results to M. Bouguer : 284089; 331766; 302500. Whence the cele- 
brated academician concluded that the proportion of sunlight to moonlight, when the 
Moon is at her mean distance, is as 300000 to 1." 

Bouguer's detailed account is given in the Traite d'Optique, from which the following 
extract is made. 

"II falloit, selon notre methode, comparer la lumiere de ces deux astres avec celle 
d'une bougie ou d'un flambeau qui servit de mesure commune ; mais comme la lumidre 
du soleil est extremement forte, il falloit lui faire souffrir de tres-grandes diminutions, 
et il falloit que ces diminutions se fissent toujours par des degres connus. Je me ser- 
vis pour cela d'un verre concave de lunette, qui rendoit les rayons tres-divergents ; et 
je n'avois qu'a m'en eloigner un peu plus ou un peu moins, pour faire varier la force 
de la lumiere tout-a-coup, et en quelle proportion je voulois. Je fis.un de ces essais le 
22 Septembre, 1725, jour de la pleine lune: ayant ferme toutes les fenetres d'lme 
chambre, et le soleil etant eleve de 31 degres, je fis entrer sa lumidre par un trou qui 
avoit une ligne de diamdtre, et sur lequel j'avois applique le verre concave. Eecevant 
ensuite la lumiere k une distance de 5 ^ 6 pieds, dans un point ou la divergence des 
rayons etoit de 108 lignes, et ou la lumidre etoit par consequent afibiblie 11664 fois, 
puis qu'au lieu de n'occuper qu'un espace d'une ligne de diam^tre, elle en occupoit 
un qui en avoit 108, et qui etoit 11664 fois plus grand; elle me parut exactement 
egale k la lumiere d'une bougie situee ^16 pouces de distance. II ne me restoit plus, 
apres cela, qu'^ faire pendant la nuit une semblable observation sur la lune, et il me 
falloit employer toujours le meme verre concave, afin que son defaut de transparence 
causat une semblable diminution dans une observation que dans I'autre. J'attendis le 
temps que la lune eut 31 degres de hauteur ; mais en recevant sa lumiere fort proche 
du verre, et lorsque la divergence des rayons n'etoit que de 8 lignes, elle avoit dej^ si 
peu de force, qu'il me fallut faire mettre la bougie a 50 pieds de distance pour rendre 
les deux lumieres 6gales. 

" Pour trouver main tenant le resultat de ces deux observations, on n'a qu'^ consi- 
derer que la lumiere de la lune n'a et6 affoiblie que 64 fois par le verre concave, et que 
si on I'avoit fait diminuer 11664, de meme que celle du soleil, il auroit fallu mettre 
ensuite la bougie, non pas a 50 pieds de distance, mais k 675. Or, puisque la lumiere 
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du soleil, lorsqu'elle est diminuee 11664 fois, est egale a celle d'une bougie placee k 
16 pouces de distance, comme nous I'avons reconnu par la premiere observation; et 
que la lumidre de la lune diminuee un meme nombre de fois, n'est egale qu'i celle de 
la meme bougie portee a 675 pieds ou a 8100 pouces de distance, comme on le con- 
clut de la seconde observation, il s'ensuit que la lumiere du soleil est k celle 
de la lune, comme 65610000 (qui est le quarre de 8100), est a 256 (qui est le 
quarre de 16). Ainsi il paroit que le soleil nous eclaire environ 256289 fois plus 
que la lune. 

" Je ne rapporte ici que la troisieme des epreuves que j'ai faites ; car k la pleine lune 
de Juillet 1725, j'avois trouve que le soleil nous eclaire 284089 fois plus que la lune; 
k celle d'Aout 331776 fois, et par une autre epreuve 302500 fois. Je crois qu'on 
pourroit conclure de tout cela, que le soleil nous eclaire environ 300000 fois plus que 
la lune ; mais les grandes difficultes qu'il y a ^ determiner un semblable rapport, font 
que je n'ose pas le regarder comme exact. Cependant il est toujours bon de faire 
remarquer que la lune etoit ^-peu-pr6s dans ses moyennes distances a la terre, lorsque 
je faisois mes observations." * 

Apart from the uncertainty inseparable from photometric determinations of every 
description, there seems to be no just ground for questioning the reliableness of these 
experiments, unless it be on account of the difference of color betvreen sunlight or 
moonlight, and the candle-light, vehich is, indeed, very considerable. But on the other 
hand, it may be urged that, if the Sun and Moon are themselves similar in color, the 
effect of a different tint in the light of the candle will be of comparatively little conse- 
quence, as it would be likely to bias the estimates of the observer in the same direction 
for both objects and in equal proportions, so that the error would fall chiefly upon the 
comparison between either of them and the candle, and would be eliminated when the 
two were referred to each other. 

If, for instance, the light of two objects, whose relative brightness is to be ascer- 
tained, were white, and that of the intermediate standard were red ; and if the observer 
habitually and consistently over-rated the intensity of light of the latter hue ; the pro- 
portion between the former, derived from his estimates, would still be unaffected by 
this peculiarity. It must be confessed, however, that the vast difference in the inten- 
sity of the two luminaries and other influences prejudicial to accuracy deprives such 
inferences, in the case of the Sun and Moon, of much of their force, and the conclusions 
are still felt to be precarious, and must be fortified from other and independent sources. 

* Traits d'Optique, p. 85. 
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Wollaston furnishes the following account of his mode of procedure.* 

" The Sun's light was compared with that of a candle, by admitting a beam of it 
into a room through a small circular hole in a plate of metal, fastened in a window- 
shutter ; and a small cylinder of any opaque material being placed in the beam, so as 
to cast a shadow upon a screen, the distance of a candle from the same cylinder (or an 
equal one placed at the same distance from the screen) was varied, until the shadow in 
the line of the candle became equally intense with the shadow in the line of the Sun. 
The direct light of the Moon Avas compared with the light of a candle in the same 
manner 

" It appeals from the mean of the observations given in No. V. of the Appendix, 
that the light of the Sun is equal to that of 5,563 candles placed at the distance of 
one foot ; a result which accords very nearly with that of Bouguer. For he states the 
light of the Sun to be equal to that of 11,664 wax-candles at the distance of 16 inches 
French, which is equivalent to 5,774 wax-candies at the distance of one foot English. 
It appears also from my experiments, that the light of the full Moon is equal to j^j 
part of the light of a candle, placed at the distance of a foot ; and hence that the Sun's 
light is equal to 5,563 X 144 X Moon's light = 801,072 X Moon's light. Bouguer, 
who differs greatly from me in the comparison of the Moon with a candle, states the 
light of the Sun to be = 300,000 X Moon's light." 

The observations referred to, are here transcribed : f — 

" V. Observations of the Light of the Sun, compared with that of a Candle, hy Means of Shadows. 





jj 


D. 


c. 


Numerical Value of the Expres- 


Date of Ihe 






Distance of the Candle from the 


sion 


Observation. 


Diameter of the Hole in tlie 


Distance of the Hole from 


Screen in Inches, when its Light 


rl2 X i) ,, „ , ^, Diam.-l2 
[^p^^X2tan.©-s ^ J. 




Sliutter in Parts of an Inch. 


the Screen in Inches. 


is equal to that of 0, admitted 
through Hole. 


1799. 

End of May 


0.0067 


93 


19.5 


6152 


and 


.0072 


93 


19.0 


5611 


Beginning 


.0087 


93 


18.0 


4382 


of June. 


.0093 


93 


17.5 


3965 




.0093 


111.5 


20.5 


6228 




.0098 


102 


14.25 


6477 




.0098 


108 


15^ 


6410 




.0098 


120 


17.0 


6299 


May 28 


.0098 


120 


17.5 


5944 


June 19 


.0105 


126 


15.0 


7770 




.0111 


93 


14.5 


4054 




0.0118 


93 


13.0 


4463 

66755 



66755 
~T2" 



5563. 



* Philosophical Transactions, 1829, p. 20, note. 



t Ibid., p. 27. 
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Hence 5,563 is the number of candles which, being placed at the distance of 12 
inches, will give a light equal to that of the Sun. 

" VI. Observations of the Light of the Moon compared with that of a Candle hy Means of Shadows. 



Date of the ObserTation. 


Remarks. 


Distance, in Inches, of the Candle from a Screen, 
when its Light is equal to that of Q. 


1799, May 16 
.... June 17 


d's Elongation 170^° 
(T Full 


144 
144 



Hence 



and 



C = X Candle when placed at the distance of twelve feet, 

144 



/ 144 \2 
O = 5563 X ( -7- ) Moons. 

— 801,072 Moons." 

In two particulars which may have exercised a considerable influence, Wollaston's 
experiments seem to be less deserving of confidence than those of Bouguer. 

It does not appear that, in the former, the extinction of light by the Earth's atmos- 
phere has been allowed for. The Sun was in a high northern declination, and the 
Moon far to the south of the equator ; indeed, at the date of the second observation, 
in its extreme southern declination of 28°, with a meridian altitude in the latitude of 
London of only 10° or 11°. Unless, then, special care was taken to observe the Sun 
when equally near the horizon, of which there is no evidence, it would seem that the 
moonlight must have been relatively much too faint by reason of the ordinary atmos- 
pheric extinction. At the date of the last comparison, it must have been from this 
cause less than half as bright as it would have been at the meridian altitude of the 
Sun, and still fainter, if we take into account the smoky atmosphere of London, where 
the experiments were probably made.* 

Another objectionable feature is the means employed for diminishing the sunlight 
by admitting it only through a very small aperture, while for the Moon the full disc 



* Supposing each to have been observed when near the meridian, the effect of atmospheric extinction would 
have been to cause the Moon to appear, in the mean of the comparisons, too faint relatively to the Sun, in the 
proportion 6 : 10. Wollaston's ratio of sunlight to moonlight would then be 



or 



0.6 X 801 072 = 480 643, 
S = 480 643. 
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was compared. It is not clear that these dissimilar conditions may not have occa- 
sioned some disturbance in the results. Bouguer, by using the same aperture upon 
both objects, has avoided this risk of error. It is, however, to be remarked, that the 
point of divergence as noticed by Wollaston is in the comparison between the Moon 
and the candle-light. For the Sun, they find respectively, 

Wollaston, Sunlight = 5563 Candles at 1 English foot distance. 

Bouguer, « = 5774 " « « 

But on the other hand, 

Wollaston, Moonlight = — - Candle at 1 English foot distance. 



Bouguer, 



1 
52 



Lambert* has compared the Moon with the light of a tallow-candle, and found the 
latter, at a distance of 1 foot English, 44 times as bright as moonlight. My own 
experiments give 62 for the same ratio, using a wax candle. 

Though no great reliance can be placed on the constancy of the candle-light used in 
the different experiments, yet it is to be noticed that WoUaston's result diverges widely 
from the mean of the other determinations, and in a direction and to an amount which 
would be sufiiciently well explained by supposing that the atmospheric extinction had 
not been considered, in reducing the observations of the Moon; in the other experi- 
ments, its influence was much less sensible. 

Wollaston has also attempted a -comparison of the light of the Sun and of Sirius 
and a Lyrse, by using, as an intermediate standard, the image of a candle reflected from 
a small thermometer-bulb, equalizing it first with the image of the Sun reflected from 
a similar bulb placed at a suitable distance, and then with the star. The images both 
of the Sun and of the star were viewed through a telescope provided with a colored 
screen to give them the same tint with the candle-light. The atmospheric extinction 
has been eliminated by making the observations at nearly equal altitudes. 

The mean result, supposing none of the incident light to be absorbed by the bulbs 
reflecting the Sun's image, is : — 

Sun's light = 11 839 533 000 X the light of Sirius ; 

but allowing for the loss of nearly half the Sun's light in reflection, Wollaston finds 

Sun's light = 20 000 000 000 X the light of Sirius. 
* Beer, Grundriss des Photometrischen Calciiles, p. 71. 
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We may connect this result with the comparisons instituted between the Sun and 
the full Moon by the following process. 

Seidel's photometric determination of the relative brightness of the planet Jupiter, 
at its mean opposition, compared with Sirius, gives 

_ Jupiter at mean opposition 

Log. —^ —-^ ££ = 0.2952.* 

birius 

We have found in the preceding memoir, 

Jupiter at mean opposition 1 



Mean Full Moon 6430 ' 

hence, 

Sirius 1 

Mean FuU Moon ~ 12688 ' 

Applying this to Wollaston's ratio between the light of Sirius and the Sun, we 

obtain 

T^,?"^""";.-.-. = '^ = 1576 100, 
Full Moonlight ' 

which is nearly twice as large as the value obtained by the previous method. There 
can be no question that the discrepancy lies with the original data rather than in the 
numbers which have been used to refer the light of Sirius to the Moon. 

The proportion of 9 to 1, which Wollaston has assigned to the light of Sirius and 
a Lyrse by a similar method, is, according to the very carefully conducted researches of 
Seidel, more than twice too large. 

With such discordances in the results of the different experiments, it is of impor- 
tance to vary as much as possible the methods of investigation, in order to render them 
quite independent of each other, so far as the nature of the subject will permit. The 
three principal sources of difficulty encountered are, — the extreme intensity of sun- 
light ; the difference in color between the light of the Sun or Moon, and that of the 
ordinai-y kinds of artificial illumination ; lastly, the want of a constant -standard of 
brightness, to which either object may be referred. The best intermediate standard, as 
regards the quality of the light, would undoubtedly be some form of the electric light, 
if its constancy could be maintained for a sufficient interval ; all other artificial stand- 
ards have greatly inferior intensity, and a more or less decided red or yellow hue when 
contrasted with solar light, and even with moonlight, which was scarcely to have been 
anticipated. 

* Seidel, Untersuchungen iiber die Lichtstarke der Planeten Venus, Mars, &c., p. 35. 
VOL. VIII. 38 
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The image of the Drummond light compared with the image of the Sun, both re- 
flected from a silvered globe, has a strong golden-yellow hue. The " Bengola light" 
answers much better. It shows, however, a decided tinge of pink when brought side 
by side with the pure white of the solar image. At night it is of an intense white, 
with a bluish glare ; but when contrasted with the Moon's image it exhibits a strik- 
ing similarity in quality of light, with only the very slightest cast of pink at times sus- 
pected, of the same character with that noticed in the experiments on the Sun, but no 
trace of the blue can then be detected. It seems, then, that in point of color the 
light of the Sun and that of the Moon are very nearly similar. 

The first experiments for determining the ratio of sunlight to moonlight had refer- 
ence to their chemical intensities, and gave the pi'oportion, 

Chemical intensity of sunlight „ 

^ " — S" = 340 000. 



Chemical intensity of moonlight 

The reader is referred to the Memoir preceding for a more detailed statement. 

By diminishing the aperture of the object-glass of the 23-foot refractor until a circu- 
lar area of only 0'".021 diameter was exposed, and viewing a small portion of the Sun's 
disc, subtending a diameter of 32".4'7, the intensity was estimated to be equal to that 
of an equal disc of Jupiter seen with an aperture of 14'". 94 ; the eye having been 
guarded from exposure to daylight, and its judgment assisted by different combinations 
of colored screens used alternately upon both objects. After applying the necessary 
reductions for atmospheric extinction, for the distribution of light over the discs of 
the two bodies, and other conditions which need not be explained in detail, as the 
experiment can be at best but a rude essay, we obtain the value. 

Sunlight „„ 

^ — 927 000 000, 



Light of Jupiter at mean opposition 



from which, by using, as above, 6430 for the ratio of the light of the full Moon to 

Jupiter, we deduce 

«^ — 144 000. 

A second method employed was to place a silvered glass globe at a distance of about 
one fourth of a mile, and to compare the image of the Sun reflected from it, and seen 
with a telescope from a darkened room, with a small disc of the flame of a Carcel 
lamp ; this was subsequently referred to the light of Jupiter and the Moon, seen with 
the same telescope. The result furnished the value, 

«- = 375 600. 
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This, again, is not entitled to much confidence, principally because the experiments 
for determining the absorption of sunlight by the reflecting surface of the globe failed 
to give a satisfactory result. 

Of the different methods tried, that which seemed best fitted for the purpose will 
now be described ; — the results of other attempts will be omitted, because they were 
in part only preliminary trials, and in some instances they were vitiated through neg- 
lect of precautions to which due attention was afterwards given. It should, however, 
be noticed that they all indicate a value of S less than 500 000. 

The standard illuminator was a single Bengola light, those of the same size and 
manufacture being used throughout. 

1860, July 1. A fine sky, perfectly clear. A glass globe, ^5, having a reflecting 
surface of silver, (applied by Liebig's process,) 10'".16 in diameter was placed in the 
open air exposed to the sunlight. The brightness of the image of the Sun formed at 
its virtual focus was compared with a single Bengola light, by receiving the light of 
both objects upon a small reflecting sphei'e, which was moved towards one or the other 
until their images, seen in it side by side, were judged to be equal; the distances of 
the globes from each other and from the Bengola were then measured, and the observa- 
tion repeated. 



h m 

4 45 Sid. time. 


Bengola to Photometer, 


ft. 
15 




Globe B, 


20 


4 50 


Bengola to Photometer, 


21.2 




Globe B, 


24.4 


4 55 « 


Bengola to Photometer, 


18.4 




Globe Bs 


21.5 



On each occasion a new Bengola was burned, and the position of B^ was altered so 
as to expose a new portion of its surface to the Sun. 

1860, July 14. Clear. Observations on same image in B^ continued. 

h m ft. 

3 45 Mean solar time. Bengola to Photometer, 28.0 

Globe Bs " 30.6 

3 50 « Bengola to Photometer, 40.5 

Globe Bs " 52.2 

The sensible equality in the intensity of the light reflected in different directions 
from the globe B^ was tested experimentally by comparing with the photometer the im- 
age of the Sun reflected from it with the Sun image in a similar globe of smaller 
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dimensions placed at a distance from it, under angles of incidence differing by large 
amounts ; only when the reflected image was viewed from a position which bi'ought it 
nearly into a line with the Sun, was there any noticeable change of brightness, and this 
was easily accounted for by the well-known fact, that the reflective power of a surface 
not perfectly polished is greatest when the angle of incidence is least. This extreme 
position, however, was not approached when the comparisons between the Sun and 
Moon were made. 

From the above, after applying small corrections for atmospheric extinction, and to 
refer the sunlight to its amount corresponding to the mean distance of the Earth from 
the Sun, we have 

Log. ?!^gj^ _ 9.801 July 1st. 

Sun's image in B^ 

« = 9.786 " 14th. 

Adopted, 9.793 

The next step was to compare, in precisely the same way, the image of the Moon 
reflected from the globe B^ with the Bengolas ; this was effected on July 31st, the 
Moon being nearly full. 

1860, July 31. Sky fine and perfectly clear. 

Globe Br, in open air exposed to moonlight, and the reflected image compared with 
single Bengolas in the same way as had been done with the Sun. 

( Distance of foci of B^ and Pho-) "• , 
I tometer Globe, C 

« 2.48 

" 2.08 

« 2.38 

" 2.53 
2.84 

The following corrections must be applied to reduce the comparisons to the bright- 
ness of the full Moon in the zenith, and at its mean distance from the Earth and from 
the Sun. 

For atmospheric extinction : — 

Comparison (a), Log. correction = 0.174 

{b), (c), " = 0.148 

{d),{e),{f), « =0.129 



(«) 


h m 

18 15 


Sid. time. 


Bengola to Globe B^ 


ft 
=: 982 


(*) 


25 


u 


a a 


1682 


{c) 


30 


ti 


a u 


1682 


{d) 


44 


a 


a a 


1718 


(«) 


50 


it 


u a 


1718 


(/) 


55 


a 


a a 


1718 
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For the Moon's distance from the Earth and Sun : — 

II 

Moon's geocentric semidiameter = 902.1 

Augmentation for altitude of 24° = 6.4 

908.50 log. = 2.9583 
Moon's mean semidiameter 934.67 " = 2.9707 

0.0124 
2 



Log. Earth's radius vector, 0.0063 

2 



0.0248 



0.0126 .... 0.0126 



Log. cor. to Moon's mean distance from Earth and Sun = 0.0374 

For the imperfect illumination of the Moon's disc : — 

Angle of elongation of Moon from Sun = 112° A 

Log. corresponding correction for phase,* .... 0.013 

The sums of the above logarithmic corrections are : — 

Comparison (a), Log. correction = 0.224 

« (6), (c), " — 0.198 

{d), {e), (/), " = 0.179 

The distances of the foci of the globes from each other and from the Bengola give, 
after applying the above corrections, 

(«), Log. 5"°?"'* =5.324 

Image of mean Full Moon in B^ 

(b), (c), " = 5.537 

(d), (e), (/), " = 5.466 

Mean by weights, ..... 5.466 

Comparing this with the result just obtained for the intensity of the Sun's image 
reflected from the same globe, we have, finally, 

Log. Image of mean Sun in ^ ^ ^^^^^ _ ^^^g _ ' ^^^ _ 

Image of mean Full Moon m 1% 
or, 

^ _ Light of mean Sun _ ^^^ ^^^ 
Light of mean Full Moon 

* Derived from the table of values of log. ffo in the preceding Memoir. 



298 COMPARISON OF THE LIGHT OF THE SUN AND MOON. 

The following numbers represent the proportions of light emitted by various celes- 
tial objects. They are taken from the preceeding Memoir of this volume, and depend 
in part upon the experiments of Herschel and Seidel. 



Jupiter at opposition 1 


V 


Jupiter at op 


Mean Full Moon ~ 6430 ' 


enus at greates 


^ Jupiter at opposition 


= 0.9158, 


u Lyrse 






^ Sirius 
« Lyrse 




= 0.6210, 


« Centauri 
a Lyrse 




= 0.1200, 


Eigel 
a Lyrse 




= 9.9890, 


Spica 
« Lyrse 




= 9.6810, 


« Aquilae 
a Lyrse 




= 9.6810, 


^ Fomalhaut 




= 9.5260. 



a Lyree 

These, combined with the ratio of the light of the Sun and Moon, give the relations, 

Sunlight = 470 980 times the light of the mean Full Moon, 

" = 622 600 000 " " Venus at maximum brilliancy, 

" =: 3 028 350 000 « « Jupiter at mean opposition, 

« = 5 970 500 000 " « Sirius, 

" = 18 924 000 000 " " « Centauri, 

« =24 946 500 000 " « a Lyras, 

" = 25 586 500 000 « " Rigel, 

« = 52 001000 000 « " Spica, 

« = 52 001000 000 " " «AquiliB, 

« = 74 303 500 000 « " Fomalhaut. 



